It is generally accepted that during periods of attention to specific stimuli there are changes in the neural activity of central auditory structures; however, it is controversial whether attention can modulate auditory responses at the cochlear level. Several studies performed in animals as well as in humans have attempted to find a modulation of cochlear responses during visual attention with contradictory results. Here, we have appraised cochlear sensitivity in behaving chinchillas by measuring, with a chronically implanted roundwindow electrode, sound-evoked auditory-nerve compound action potentials and cochlear microphonics, a measure of outer hair cell function, during selective attention to visual stimuli. Chinchillas were trained in a visual discrimination or in an auditory frequency discrimination two-choice task. We found a significant decrease of cochlear sensitivity during the period of attention to visual stimuli in the animals performing the visual discrimination task, but not in those performing the auditory task, demonstrating that this physiological effect is related to selective attention to visual stimuli rather than to an increment in arousal level. Furthermore, the magnitude of the cochlear-sensitivity reductions increased in sessions performed with shorter target-light durations (4 -0.5 s), suggesting that this effect is stronger for higher attentional demands of the task. These results demonstrate that afferent auditory activity is modulated by selective attention as early as at sensory transduction, possibly through activation of olivocochlear efferent fibers.
Introduction
Attention allows subjects to focus cognitive resources on specific stimuli while ignoring others. Although it is generally accepted that during periods of attention there are changes in neural activity in brain auditory centers (Woldorff et al., 1993; Polley et al., 2006) , it is controversial whether attention can modulate auditory responses at cochlear levels (Hernandez-Peó n et al., 1956; Picton et al., 1971) .
Studies to assess the effect of cross-modal attention on peripheral auditory responses in animals as well as in humans have produced conflicting results. Hernandez-Peó n et al. (1956) showed a reduction in click-evoked potentials recorded from the cochlear nucleus in cats while receiving stimuli of other sensory modalities. In later experiments, Oatman (1971) found an amplitude reduction of the auditory-nerve compound action potential (CAP) during periods of visual attention in cats. Similarly, in humans, the auditory-nerve component of tone-pip-evoked brainstem potentials and the amplitude of click-evoked otoacoustic emissions were significantly reduced in subjects when instructed to count letters flashed on a screen (Lukas, 1980; Puel et al., 1988) . However, other research groups failed to replicate these findings and attributed the observed decrease in cochlear responses to head or body movements (Dunlop et al., 1965; Wickelgren, 1968) . In humans, paying attention to clicks during an auditory discrimination task, as opposed to reading a book and ignoring the clicks, produced no changes in click-evoked auditory nerve responses recorded from the external ear canal, despite a significant enhancement in click-evoked cortical potentials (Picton et al., 1971; Picton and Hillyard, 1974) . Also, in another study, no significant changes were observed in evoked otoacoustic emissions recorded in subjects performing the same visual selective attention task used previously by Lukas (1980) and Puel et al. (1988) (Avan and Bonfils, 1992) . Because of these contradictory results, the proposition that cochlear sensitivity is reduced during cross-modal attention has remained controversial.
In this study, we measured cochlear sensitivity by recording CAP and cochlear microphonic (CM) potentials from the round window of chinchillas while they performed a visual or an auditory two-choice discrimination task. We demonstrated that cochlear sensitivity is transiently reduced during selective attention to visual stimuli, probably through activation of olivocochlear efferent fibers. The main technical advantages in our experimental design that could have helped the positive outcome of our experiments are as follows: (1) the use of a visual cue that delimits a short period (a few seconds) of high attentional load before target discrimination, (2) the assessment of sensitivity changes by recording auditory-nerve CAPs that report larger efferent effects than otoacoustic emissions (Puria et al., 1996) , (3) the use of a round-window electrode that allowed us to measure reliable co-chlear potentials with amplitudes of tens to hundreds of microvolts, in contrast with using an external-ear canal electrode that records potentials in the order of 1 V (Picton et al., 1971) , and (4) sampling and averaging electrical responses with a time resolution (500 ms) that made it possible to detect transient modulations of cochlear potentials related to selective visual attention.
Materials and Methods

Subjects and apparatus
All procedures involving animals were made in accordance with the local committee of Bioethics (Comité de Bioética Animal #098 Facultad de Medicina, Universidad de Chile) and National Institutes of Health Guidelines for the Care and Use of Laboratory Animals (publication number 86-23, revised 1996) . A total of 14 chinchillas (Chinchilla laniger) weighing between 350 and 650 g at the start of training were used. Ten chinchillas were trained in a visual discrimination task and four in an auditory frequency discrimination task. Seven chinchillas were successfully implanted with a cochlear electrode positioned at the round window and recorded during behavior. From these chinchillas, five were recorded during the visual discrimination task and two during the auditory frequency discrimination task. All chinchillas were individually housed in temperature-controlled conditions and with an alternating dark/light cycle (lights off from 8:00 A.M. to 8:00 P.M.). They were given water ad libitum and were food deprived, maintaining 80 -90% of their ad libitum-feeding weight during the experimental period. Experiments were performed in an operant mesh cage (32 cm long, 27 cm wide, and 29 cm high), that was located inside a double-walled sound-attenuating room, one meter above the room floor and 1.4 m from the ceiling. The front panel of the cage had three different lights (Fig. 1 A) : a central light (neutral cue) above a magazine food dispenser and two lateral lights (targets) above two levers that were located seven centimeters above the cage floor. The target lights, central light and the magazine food dispenser were 10, 17, and 0.5 cm above the cage floor, respectively.
Behavioral procedures
Before electrode-implantation surgery, all animals were trained 5 d a week, over ϳ3 months with two daily sessions of 100 trials each. One week after surgery, chinchillas resumed their training and their cochlear potentials were recorded while performing the discrimination tasks. Recording continued until the implant anchors loosened or the quality of the electrical signals from the cochlear electrode was degraded. The operant cage, stimulus presentation and data acquisition were controlled by a custom-made computer program (developed in LabWindows/CVI environment; National Instruments, Austin, TX) and a digital interface.
Visual discrimination task. Ten chinchillas were trained in the visual discrimination task. Each trial began (Fig. 1 B) with the onset of the neutral cue (central light) with a duration of 2 s, after which, randomly, the right or left target light was turned on for a period of 4 s. Chinchillas were trained to respond by pressing the corresponding lever. A response in the lever located below the target light made during the response period (within five seconds from the onset of the target light) was defined as a correct response and was rewarded with a pellet. Incorrect responses were defined as responses made during the response period in the lever opposite to the target light.
In both the visual and auditory discrimination tasks, correct responses were rewarded with a 45 mg precision pellet (Noyes PJNI-0045 Chinchilla Food Pellet; Research Diets, New Brunswick, NJ), and the intertrial time interval (ITI) varied randomly between 27 and 33 s. Incorrect responses and responses made during the ITI period were punished with a timeout period of 40 s, during which all lights were turned off. Trials in which chinchillas did not respond to the light-or tone-target were defined as omission trials and were not punished. The behavioral variables measured in both tasks were latency of lever-pressing response (time between the onset of the light-or tone-target and the lever-pressing response, with 1 ms resolution), accuracy (i.e., [correct responses/(correct responses ϩ incorrect responses)] ϫ 100), number of responses during the ITI, and number of omitted trials.
To compare behavioral variables at different levels of attentional demand before implantation surgery for five of the 10 chinchillas trained in the visual task, the target-light duration was progressively reduced across sessions from 4 to 0.5 s, always maintaining an accuracy Ͼ80%. The reduction of the target-light duration from 4 to 0.5 s required several weeks of additional training. After electrode implantation surgery, five successfully implanted chinchillas (three from the group in which the target light was reduced before surgery and two from the group in which it was not reduced) were retrained in the visual task beginning with a target duration of 4 s. For three of these chinchillas (the same trained previously to 0.5 s before surgery), the target duration was progressively shortened to 1.5 s in one and to 0.5 s in two.
Auditory frequency discrimination task. Four chinchillas were trained to discriminate between two auditory target tones of different frequencies in a task designed as a control to test whether any possible effect observed in the visual task was caused by selective visual attention or by an unspecific arousal effect. Seventy percent of the trials began with the onset of the neutral cue (central light) with a duration of 2 s, after which randomly one of the two tones of different frequencies was delivered (see Fig. 6 ) (left target tone, 1200 Hz; right target tone, 3600 Hz; 3810 ms duration). Each target tone was preceded by a reference tone (2000 Hz) of 190 ms duration to facilitate the frequency discrimination. Chinchillas were trained to press the left and right levers with the 1200 and 3600 Hz target tones, respectively. Target and reference tones were delivered at levels 50 -70 dB sound pressure level (SPL). Correct responses made between 300 and 5000 ms, measured from the onset of the reference tone, were rewarded with pellets. Responses made between 0 and 300 ms measured from the onset of the reference tone (anticipatory) and during the ITI period, and incorrect responses made during the response period (300 -5000 ms after the onset of the reference tone) were punished.
Surgical procedures
Chinchillas were anesthetized with ketamine (20 mg/kg, i.m.) and acepromazine (0.7 mg/kg, i.m.). The anesthetic protocol included atropine sulfate (0.04 mg/kg, i.m.). Supplemental doses of ketamine (10 mg/ kg) were given at ϳ30 -45 min intervals, depending on the anesthetic level judged by the foot-withdrawal reflex. Body temperature was maintained at 36.5°C. The auditory bulla was opened and a low-impedance nichrome electrode (100 m) was positioned in the round window of the cochlea. The electrode was fixed to the skull with dental acrylic cement. Three screws, 1/16 inch, (Small Parts, Miami Lakes, FL) were implanted on the cranium. One of them was used as a differential electrode and another as ground. The round-window electrode and two wires connected to the skull screws were attached to a three-pin connector, which was fixed to the skull with dental acrylic cement, and permitted the recording of cochlear potentials in the behaving animals. Chinchillas were allowed to recover for at least 1 week after implantation surgery before beginning with the awake recordings. A steel tube was implanted in the bulla of one of the chinchillas (trained in the visual discrimination task) that allowed us to measure sound pressures in the bulla simultaneously to cochlear potentials. At the end of experiments, deeply anes- 
Physiological procedures
Auditory stimuli to assess CAP and CM responses. In the seven implanted chinchillas, the sensitivity of the cochlea was appraised by the amplitude of the CAP measured at the round window in response to a train of alternating-polarity clicks. In three of these implanted animals (two in the visual task and one in the auditory task), tone-evoked CM potentials were measured in addition to the click-evoked CAPs by using a compound stimulus consisting of clicks of alternating polarity followed within a 40 ms period by tone bursts. Clicks (100 s wide) and tone bursts at frequencies of 1, 2, 4, 6, and 8 kHz in the visual task and 1200 Hz in the auditory task were digitally generated at 100 kHz with a National Instruments Board (PC-MIO-16E4). Tone bursts had a 5 ms ramp and a total duration of 100 -200 ms. Click and tone trains were delivered through a loudspeaker (XS-302F; Sony, Tokyo, Japan; 100 W, frequency response 20 -20,000 Hz) located 120 cm above the floor of the operant cage. Auditory stimuli were delivered at presentation rates between 1 and 4 Hz and levels at 50 -70 dB SPL. We performed sound pressure calibrations inside the operant cage with a 0.5 inch Bruel and Kjaer microphone. The sound pressure level inside the bulla of the chinchilla implanted with a steel tube was measured using a small microphone (BL-1785; Knowles Electronics, Itasca, IL).
Data acquisition and analysis. The electrode signal was amplified 10,000ϫ, filtered (100 Hz-10 kHz) and digitized at 20 kHz with a PCI-6024-E National Instruments board housed in a Pentium IV personal computer. We stored 10 -15 s of data in each trial, always triggered 2 s before the onset of the neutral cue. All data were analyzed off-line by custom-made software written in C language (LabWindows/CVI from National Instruments). Recording trials with motor artifacts were eliminated using an amplitude threshold criterion. Compound action potential amplitudes were calculated from the peak-to-peak signal in microvolts. The magnitude of cochlear microphonic potentials was computed with the power spectrum of the fast-Fourier transform.
We performed statistical comparisons mainly between cochlear potentials recorded during correct and omitted trials. Chinchillas presented high percentages of omission in both tasks, despite maintaining high accuracies of target discrimination (Table 1) . Because of this characteristic of chinchillas' behavior, most of the trials in the task were correct or omitted, whereas few trials were incorrect and even fewer trials had ITI responses. We have assumed that there is a plausible difference between the attentional state of chinchillas during correct trials compared with omission trials. In contrast, we could not assume that chinchillas were less attentive during incorrect than during correct trials. For these reasons, the mean amplitudes of the CAP and CM for correct trials were compared with those for omission trials. The measurements acquired during the period from the onset of the neutral cue up to the mean latency of responses were compared using unpaired t test analysis. Values measured after the animal responses were not analyzed because they could be altered by pellet-dispenser noise, animal movements, or artifacts produced by chewing. To determine the relation between length of target light (attentional load of the task) and magnitude of CAP reduction, we used the Spearman correlation analysis (␣ ϭ 0.05).
To compare the changes observed in CAP and CM potentials, we calculated the changes in amplitude of the cochlear potentials (CM or CAP) in decibels, using as reference the average of the three mean amplitudes obtained in the two seconds previous to the onset of the neutral cue with the following equation: dB (change) ϭ 20*log 10 [amplitude of cochlear potential/mean reference potential].
Results
We found a significant reduction in CAP amplitude within the period of selective attention to visual stimuli in the five implanted chinchillas studied in the visual discrimination task (Table 2 ). Figure 2 A displays mean CAP amplitudes measured in one animal for correct-response trials (solid squares) and omission trials (open circles), during a period starting before visual stimuli presentation and extending well after the motor responses. However, as mentioned above, the results were always analyzed only for measurements obtained during the period up to the mean latency of responses, to avoid any possible artifacts caused by animal movements, pellet-dispenser noise, or chewing noise. A progressive decrease in CAP amplitude, in the correct-response trials, but not in the omission trials, was consistently observed in the five chinchillas trained in the visual discrimination task. As shown in Figures 2-5, the CAP reduction started during the period of presentation of the neutral cue and continued during the target-light period.
In an attempt to increase the attentional demands of the visual discrimination task, in five of the chinchillas the duration of the target light was progressively reduced along days from 4 to 0.5 s (Muir et al., 1994; Chiba et al., 1999) . The effect of reducing the light duration in the chinchillas trained before implantation surgery was a significant decrease in accuracy and mean response latency (Table 1) . The same reduction in target-light duration in two of the five implanted animals during the recording sessions produced a similar, but not significant, decrease in accuracy and mean response latency (Table 1) . As shown in Figure 2 B, decreasing the target-light duration during the recording sessions produced progressively greater CAP reductions. In the two animals tested, there was a significant correlation between the magnitude of the CAP reduction and the duration of the target light, as illustrated in Figure 2C ( p Ͻ 0.01, Spearman test).
To test whether CM increases accompanied the CAP reductions (as shown previously for electrical stimulation of cochlear efferents) (Guinan, 1996 ) (see Discussion) in two animals trained in the visual discrimination task, we measured almost simulta- neously both CAP and CM while the animals performed the visual discrimination task. The use of a compound stimulus, consisting of a click followed by a tone burst, allowed us to measure CAP and CM within a 40 ms interval. We found a significant augmentation of CM amplitude concomitant to the reduction in CAP amplitude during the period of selective attention to visual stimuli in the two animals tested. Figure 3A Figure 3A also displays a histogram of the latencies of correct responses to targets (dark gray shaded area), which shows that motor responses begin ϳ500 ms after the offset of the target light. Therefore, the reduction in cochlear sensitivity (CM increase and CAP reduction) is produced well before the motor response and could not be caused by it. However, the sharp negative slopes in the amplitude changes present in both cochlear potentials after the target-light offset are probably related to the motor responses.
To discard the possibility that the modulations in cochlear responses during periods of visual attention were caused by changes in stimulus intensity attributable to head movements, in one animal we measured the sound pressure within the bulla (through an implanted steel tube). As illustrated in Figure 3B , CAP reductions (open circles) and CM augmentations (solid squares) were observed without significant changes in the sound The first five rows show data from chinchillas (Ch) trained in the visual task (vis_Ch1 to vis_Ch5) and the last two rows from those trained in the auditory task (aud_Ch6 and aud_Ch7). nt, Not tested; nc, no change.
a Number of recording sessions with at least 20 correct responses, which were used for cochlear potential analysis. In parentheses is the total number of sessions in each animal.
b
The percentage of recordings with reduction of cochlear sensitivity was calculated from the recordings with at least 20 correct responses that had CAP reduction and CM increase (for vis_Ch1 and vis_Ch2) or only CAP reduction (for vis_Ch3, vis_Ch_4, and vis_Ch5). pressure measured simultaneously inside the bulla by the microphone (triangles).
The significant modulations in cochlear potentials observed during the periods of visual attention amounted up to 4 dB for CAP reductions and 6 dB for CM increases (Table 2) , and are within the range of effects produced by electrical activation of olivocochlear fibers in anesthetized animals (Galambos, 1956; Gifford and Guinan, 1987) . These modulations in both cochlear potentials were extremely reliable across sessions. Figure 4 illustrates the consistency of the CAP reductions and CM increases observed in one animal throughout sessions performed during five consecutive days, under identical stimulus conditions. Furthermore, as depicted in Table 2 , the reductions in cochlear sensitivity during periods of visual attention were found in all animals and in 83-100% of the sessions, with at least 20 correct responses recorded in each animal.
To evaluate the temporal relation between the modulation of cochlear potentials and the beginning of the attentional process, we modified the visual discrimination task to another in which the neutral cue was presented only in 70% of the trials, whereas in the other 30%, the target light was presented without the neutral cue (Fig. 1 B, inset) . Using this protocol, correct trials without the neutral cue exhibited CAP amplitude reductions (Fig. 5A ) and CM amplitude increases (Fig. 5B ) similar to those observed in the correct trials with the neutral cue, but delayed by a period comparable with the duration of the neutral cue, thus showing that these effects are related to the beginning of the attentional process. The cochlear recordings depicted in Figure 5 are from an animal in which there were enough incorrect responses to be analyzed. In this case, the CAP reductions and CM increases recorded in the incorrect trials with the neutral cue were similar to those obtained in the correct trials with the neutral cue.
Finally, we trained four chinchillas in an auditory frequencydiscrimination two-choice task, designed as a control to demonstrate that the attentional effect observed in the visual task was caused by selective attention to visual stimuli and not by an unspecific arousal effect produced by the presence of the neutral cue. In this auditory discrimination task, an auditory target was preceded by the same visual neutral cue that we used in the visual discrimination task (Fig. 6 A) . The presence of the neutral cue reduced the mean response latency to correct responses (Fig. 6 B) , as it did in the visual task (Fig. 5) (Hamame et al., 2006) . However, in the two animals implanted with the round-window electrode and tested in the auditory task, there were no changes in the amplitude of cochlear potentials during the presentation of the neutral cue in contrast to the visual task (Fig. 6C) .
Discussion
In the present study, we demonstrate that during selective attention to visual stimuli in a visual discrimination task there are CAP reductions and CM increments that reflect a transient decrease in cochlear sensitivity, probably produced through activation of olivocochlear efferent fibers. We also show that the magnitude of the CAP reduction is dependent on the length of the visual target.
Reduction of cochlear sensitivity during visual selective attention
After the controversial work of Hernandez-Peó n et al. (1956) , in better-controlled experiments, Oatman reported CAP reductions in cats attending to visual stimuli, but without significant changes in CM (Oatman, 1971 (Oatman, , 1976 Oatman and Anderson, 1977) . We found a consistent decrease in CAP amplitude in the period of increased visual attention during the discrimination task, thus confirming Oatman's results. However, we have extended his findings by recording the temporal course of the CAP reduction during the visual attention period and by demonstrating a concomitant increase of CM during visual attention. It is likely that Oatman's failure to observe significant CM increases during visual attention was attributable to the limited time resolution of the recording methods available at that time. Although CM increases have been indirectly suggested in chronically deefferented awake chinchillas (Zheng et al., 2000) , this is the first study demonstrating that CM increases and CAP reductions are present together in the behaving animal. A contraction of middle-ear muscles related to body movements has been proposed as a mechanism that could account for the reductions in CAP amplitude during the period of visual attention (Starr, 1964; Carmel and Starr, 1964) . However, Oatman (1971) sectioned the tendons of middle ear muscles in cats and found that the reduction in CAP amplitude was not affected. In our case, the presence of CM increments that consistently accompanied CAP reductions also makes our data incompatible with a middle-ear effect. Consequently, it appears that the reduction in cochlear sensitivity, during the period of visual attention, is not caused by middle-ear muscle contraction.
In the few sessions in which there were enough incorrect trials for analysis, these trials presented significant reductions in cochlear sensitivity during visual attention, indistinguishable to the reductions observed for correct trials (Fig. 5) . This implies that chinchillas were also attentive during incorrect trials, and that the observed cochlear modulations do not depend on the cortical network involved in behavioral decisions (Romo and Salinas, 2003) .
Possible mechanisms of the observed cochlear-sensitivity modulation Auditory efferents are most probably involved in this crossmodal cochlear effect. The mammalian cochlea has two types of sensory cells, inner (IHCs) and outer hair cells (OHCs). Most afferent axons innervate IHCs, which constitute the main cochlear sensory receptors. In contrast, OHCs receive predominantly efferent fibers originating near the medial superior olivary nuclei (Guinan, 1996; Azeredo et al., 1999) , and in addition to their function as receptors they also act as mechanical effectors boosting cochlear vibrations for low-level stimuli (Dallos, 1992) . Neuroanatomical evidences show that descending pathways originate in the auditory cortex and reach the cochlea via olivocochlear efferents (Warr, 1975; Feliciano et al., 1995; Mulders and Robertson, 2000) . Electrical stimulation of these olivocochlear efferents in anesthetized cats decreases the amplitude of CAP (Galambos, 1956 ) and increases the amplitude of CM (Fex, 1959) , reflecting a reduction of cochlear sensitivity (supplemental note, available at www.jneurosci.org as supplemental material). We propose that during visual attention, through corticofugal pathways, there is activation of medial olivocochlear fibers that hyperpolarizes OHCs (Oliver et al., 2000) , increasing their transduction potentials, which are the principal source of CM potentials recorded at the round window (Dallos and Cheatham, 1976) . The activation of the medial efferent fibers also reduces the gain of the cochlear amplifier, decreasing CAP amplitudes. However, a simultaneous activation of lateral olivocochlear efferent fibers that modulate auditory nerve responses, but not hair-cell activity, cannot be ruled out (Groff and Liberman, 2003) .
Temporal course of the efferent-effect and visual attention
The temporal course of the reduction of cochlear sensitivity during visual attention was relatively slow, and probably reflects the time course of the cognitive processes rather than that of auditory efferent activation. The reductions in cochlear sensitivity that we found during the periods of attention to visual stimuli have latencies of ϳ1 s, measured from the onset of the neutral cue, and a time constant of 1-1.5 s. Electrical activation of olivocochlear fibers in anesthetized animals reduces CAP amplitudes with a time constant of ϳ160 ms (Galambos, 1956) and cochlear mechanical responses with a time constant of 10 -100 ms (Cooper and Guinan, 2003) . Recently, James et al. (2005) found that contralateral noise-stimulation of olivocochlear fibers produces suppression of otoacoustic emissions with a latency of ϳ26 ms in chinchillas and 45 ms in humans. However, studies in humans have shown that the latency of attention effects, reflected by cortical potentials recorded during a cued-visual task, is ϳ500 -600 ms (Muller et al., 1998) and that the temporal course of visual attention is also in the order of hundreds of milliseconds (Duncan et al., 1994; Ward et al., 1996) . According to these data, the long latencies of the observed reductions in cochlear sensitivity most likely reflect the time course of the attentional process rather than that of efferent fiber activation. These long latencies could also explain the fact that in the modified 70/30 experiment (Fig. 5) , in the no-cue condition, the amplitude changes in cochlear potentials did not occur during the target light presentations, but after their off-set.
Auditory frequency-specific efferent effects
As a control to the visual task used to measure the cross-modal effect of selective attention, we tried to find an auditory task of similar difficulty. Despite using target tones Ͼ1.5 octaves apart and a reference tone before the target tones (to facilitate frequency discrimination), the auditory task was more difficult to learn for chinchillas than the visual one, and the accuracy in it was lower than in the visual task (Table 1) .
We did not find an efferent effect of attention in the auditory task, demonstrating that the effect observed in the visual task was attributable to selective attention to visual stimuli and not to an . Auditory frequency discrimination two-choice task. A, Timeline of the auditory task. I, II, In 70% of the trials (I), the neutral cue was presented before the onset of a target tone, whereas (II) in the other 30% of the trials the target tone was presented without the neutral cue. III, Auditory stimuli. The compound stimuli (cs; a click of alternating polarity followed after 40 ms by a 1200 Hz tone) were presented at a rate of 1 Hz. The reference tone (2000 Hz, 190 ms) was presented before one of the target tones (tone for pressing left lever, 1200 Hz; right lever, 3600 Hz; duration, 3810 ms). IV, Chinchillas had a response window of 300 -5000 ms from the onset of the reference tone. V, Simultaneously, we recorded the round window signal during behavior. B, Mean response latency to the target tone measured from the reference tone onset, with and without neutral cue. The mean response latencies were shorter for the 70% of the trials in which the neutral cue was presented (with neutral cue, 1619 ms; without neutral cue, 2409 ms; unpaired t test, p Ͻ 0.01). C, CAP and CM amplitude changes (in decibels) for correct-trial responses, referenced to the mean values measured previous to the onset of the neutral cue. There were no changes in CM and CAP amplitudes during the presentation of the neutral cue when the targets were tones. unspecific arousal effect caused by the presence of the neutral cue. However, it is possible that a frequency-specific efferent effect could be found in an auditory task specifically designed for that purpose. There is experimental evidence in anesthetized animals of a frequency-dependent loss of sensitivity in basilar membrane vibrations during efferent stimulation (Murugasu and Russell, 1996; Dolan et al., 1997) that could account for similar neural effects (Robles and Ruggero, 2001) . Likewise, in a detection task in which human subjects are led to expect target tones of a particular frequency, there are frequency-specific attenuation effects in the detection of unexpected frequencies in noise (Greenberg and Larkin, 1968) . Furthermore, humans in whom the auditory efferent pathway was cut, present higher detection levels of unexpected frequencies in this task, than before surgery, suggesting that the efferent system may be required to maintain an attentional bandpass filter (Scharf et al., 1997) . Using a similar task, Dai et al. (1991) have shown that there is ϳ7 dB of attenuation in detectability of the unexpected tones compared with the expected tone, suggestive in humans of an efferent attenuation of unattended tones of ϳ7 dB. This value, although similar to the reduction of cochlear sensitivity (up to 6 dB) that we observed during visual attention, probably is not a measure of the same efferent effect, because we studied a cross-modal physiological effect whereas these authors measured a psychophysical intramodal frequency-specific effect (Dai et al., 1991) .
Some of the proposed functions of the efferent auditory system are (1) antimasking effects in presence of noise (Kawase and Liberman, 1993) , (2) protection from loud sound damage (Maison and Liberman, 2000) , (3) modulation of auditory activity during awake/sleep states (Velluti et al., 1989) , and (4) modulation of cochlear sensitivity during cross-modal attention (Oatman, 1971 ). Here, we provide clear evidence for the latter function by demonstrating a clear and repeatable reduction of cochlear sensitivity during the period of visual selective attention in animals performing a visual discrimination task. We also show that the magnitude of the cochlear sensitivity decrease depends on the duration of the target light, suggesting that this effect increases with higher attentional demands of the task. Although a direct confirmation of the involvement of auditory efferents in this effect is still lacking, the occurrence of concomitant decreases in CAP amplitude and increases in CM amplitude during the period of visual attention strongly suggests that this modulation is mediated through activation of olivocochlear efferent fibers.
